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ABSTRACT In 2012, Nebraska experienced one of the worst droughts since the 1930s, accompanied by abnormally high 
temperatures. We studied the impacts of the 2012 summer drought on female ring-necked pheasant (Phasianus colchicus) body 
condition and baseline and stress-induced corticosterone concentrations (CORT). We hypothesized that drought conditions would 
reduce pheasant body condition, increase chronic stress resulting in elevated baseline CORT levels, and down-regulate pheasant 
stress response to acute stressors, resulting in reduced stress-induced CORT concentrations. In southwestern Nebraska, we 
captured female pheasants in 2012 (pre-drought) and 2013 (post-drought). Pheasants had poorer body condition after the drought. 
Although female CORT measures were similar among years (baseline: F1,8 = 0.591, P = 0.465; stress-induced: F1,26 = 1.118, P = 
0.300), females in poorer condition had elevated baseline CORT (F1,26 = 6.446, P = 0.018) and stress-induced CORT (F1,26 = 8.770, 
P = 0.006) with potential negative consequences for reproduction. Our results suggest that it is critical for managers to consider 
how to buffer the negative impacts of drought on pheasant physiology and population growth, as droughts are likely to occur more 
frequently in southwest Nebraska in the next century.
KEY WORDS body condition, corticosterone, drought, Great Plains, Phasianus colchicus, ring-necked pheasants.
Climate change is predicted to increase surface air 
temperatures at a rate that is likely to exceed the ability of 
some species to adapt (Thomas et al. 2004, Jump and Penuelas 
2005, Garnier and Lewis 2016). Efforts to understand the 
implications for wildlife of a warmer planet are largely 
focused on identifying species-specific climate envelopes, 
but changes in the rate of extreme climatic events such as 
drought are an equally impactful and increasingly apparent 
outcome of climate change (Jentsch et al. 2007, Albright et 
al. 2009). For example, in southwest Nebraska, USA, surface 
air temperature is projected to increase 2–5° C by the end 
of the century, leading to a reduction in soil moisture and 
increasing the likelihood and potential severity of droughts 
(Shafer et al. 2014, Walsh et al. 2014). Therefore, a better 
understanding of how extreme climate events (e.g., drought) 
affect wildlife species is needed to develop strategies to 
mitigate the potential implications of climate change for 
wildlife populations.
In 2012, the Great Plains experienced one of the most 
severe seasonal droughts in 117 years (Hoerling et al. 2014). 
Rainfall, which primarily occurs from May through August, 
was approximately two standard deviations below average 
(Hoerling et al. 2014). Moreover, the summer of 2012 was 
the third warmest since the 1930s (Mallya et al. 2013). 
The combination of low rainfall and high temperatures 
resembled the Dust Bowl era of the 1930s (Mallya et al. 
2013, Hoerling et al. 2014), creating conditions which 
simultaneously increased the water requirements of wildlife 
while reducing water availability on the landscape (Ji and 
Peters 2003, Johnson et al. 2011). Conditions during the 2012 
drought led to a 20–60% reduction in grassland productivity, 
corresponded with the lowest corn yields in nearly 20 years, 
and 59% of the rangelands exhibiting poor condition (Knapp 
et al. 2015, Rippey 2015). For wildlife, the consequences of 
the 2012 drought were in some cases extreme. For example, 
populations of ring-necked pheasant (Phasianus colchicus; 
hereinafter pheasant) in Kansas declined by nearly 40% from 
2012 to 2013 (Dahlgren 2013).
The pheasant is an iconic species that like most grassland 
birds, shows long-term population declines (Suchy et al. 
1991, Dahlgren 1998). Pheasant population declines have 
contributed to declines in hunting license sales, which fund 
conservation efforts for game and non-game species (Suchy et 
al. 1991, Dahlgren 1998). While there is considerable effort to 
reverse pheasant population declines (Rogers 2002), it remains 
unknown how changing climatic conditions, such as increases 
in drought frequency, may affect pheasant populations and 
thus management success. For many bird species, drought 
causes population declines due to low reproductive success in 
combination with low survival rates (Christman 2002, Mooij 
et al. 2002, Albright et al. 2009). As drought is predicted to 
become more frequent and extreme in the Great Plains, it is 
critical to understand the underlying mechanisms that may 
shape how drought influences population dynamics to develop 
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approaches to mitigate climate change impacts (Alley et al. 
2003).
During drought, environmental stressors can take a 
physiological toll on individuals as food and water resources 
decline. Resource limitation can have cascading effects by 
not only affecting body condition, but by altering physiology 
(Sapolsky et al. 2000). Avian responses to food or water 
stress include the activation of the hypothalamus-pituitary-
adrenal axis and the corresponding release of corticosterone 
(hereafter CORT), the main stress hormone in birds (Siegel 
1980). Increased plasma CORT concentrations initiate the 
mobilization of energy reserves by temporarily pulling 
resources from non-essential bodily functions (e.g., immune 
function, reproduction; Sapolsky et al. 2000, Romero 2004), 
and shunting energy reserves to support activities that 
mediate environmental stressors (e.g., hyperphagia, anti-
predator behaviors; Wingfield et al. 1998). Corticosterone is 
released in response to chronic and acute stressors. Baseline 
CORT levels reflect conditions that animals experience for 
long periods in the absence of acute stressors (Romero 2002). 
Stress-induced CORT levels represent short-term plastic 
responses to acute environmental perturbations (Wingfield 
2013). Chronically elevated CORT concentrations (baseline 
and stress-induced) can have deleterious effects including 
impaired cognitive abilities and immune function (Wingfield 
et al. 1998, Wingfield and Sapolsky 2003). During the 
breeding season, elevated CORT concentrations can reduce 
reproductive success and even cause females to forego 
breeding entirely (Sapolsky et al. 2000).
We assessed female pheasant body condition as well as 
baseline and stress-induced CORT before and after the 2012 
summer drought in southwestern Nebraska. We studied 
females exclusively because pheasant population growth 
largely depends upon female survival and reproductive 
success, as multiple females breed with one male (Clark et 
al. 2008). First, we hypothesized that drought conditions 
would reduce pheasant body condition due to a decline in 
food and water availability. Second, we hypothesized that 
drought conditions would increase chronic stress resulting in 
elevated baseline CORT levels due to reduced food intake 
and increased perceived predation risk (due to reduced cover; 
Sapolsky et al. 2000). Last, we hypothesized that pheasants 
exposed to drought conditions would down-regulate their 
stress response to acute stressors, resulting in reduced stress-
induced CORT concentrations, as maintaining elevated 
CORT concentrations is costly (Rich and Romero 2005).
STUDY AREA
Our study was conducted in 2012 and 2013 across 
Hitchcock, Hayes and Red Willow counties in southwestern 
Nebraska, a semi-arid climate with flat and gently rolling 
hills interspersed by canyons. Elevation ranges from 650 
to 1,000 m (Simonsen and Fontaine 2016). Land use was 
dominated by irrigated and dryland crops including corn, 
soybeans, winter wheat and sorghum. Corn and wheat 
comprised the majority of crops harvested (on average 52% 
and 33%, respectively) across Hitchcock, Hayes and Red 
Willow counties in 2012 and 2013 (NASS 2017). Native 
rangelands support short-grass prairies. Fields enrolled in 
the Conservation Reserve Program (CRP) were common 
and generally comprised of native vegetation such as 
little bluestem (Schizachyrium scoparium), big bluestem 
(Andropogon, gerardii), Indiangrass (Sorghastrum nutans) 
and a variety of forbs. Our study area consisted of 12 study 
sites, each a CRP field (30–126 ha) separated by at least 2 km 
to minimize movement between sites as pheasants generally 
remain within a 2-km radius home range (Smith et al. 1999).
METHODS
Environmental Conditions
We obtained average monthly precipitation and 
temperature for 2011 and 2012 from three NOAA weather 
stations located in McCook, Culbertson and Trenton, 
Nebraska (NOAA 2016). The three weather stations were 
approximately equidistant from one another, spanned the 
extent of our study area from east to west, and were each 
less than 16 km from the nearest study site. We quantified 
average monthly precipitation and temperature throughout 
the fall and winter (September – March) and the spring 
and summer (April – August) by averaging values across 
months and weather stations. Average monthly precipitation 
in spring and summer months (April – August) of 2012 was 
approximately 35% below historical averages (1981 – 2010; 
historical spring-summer monthly average precipitation = 
7.56 cm, SE = 0.28, 2012 spring/summer monthly average 
precipitation = 4.87 cm, SE = 0.82; NOAA 2017). 
Capture and Handling Techniques
To assess the potential effects of drought on pheasant 
physiology, we compared individual birds captured before 
the summer drought (spring 2012) to those captured the 
year following the drought (spring 2013). We captured 
female pheasants via night lighting (Labisky 1968) from late 
February through early April. We extracted blood samples 
(~150µl) from the brachial vein with a 30 gauge needle and 
heparinized microcapillary tubes within 3 min of capture 
and 20 min after capture to assess total baseline and ‘stress-
induced’ CORT concentrations. We stored blood samples 
on ice in small coolers for no more than 9 h before being 
centrifuged. We stored samples at –18° C in the field and 
subsequently transferred them to within 3 weeks to –80° C 
storage until analysis. We measured body mass with a 2.7-kg 
spring scale accurate to 2 g (CCI Scale Co. Inc. model HS-
6, Clovis, California, USA) and tarsus length with a digital 
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caliper accurate to 0.01 mm (Carrera Precisions 0–150mm 
digital caliper, model CHICO14, Ontario, California, 
USA). All methods were in accordance with the University 
of Nebraska-Lincoln Institutional Animal Care and Use 
Committee (Protocol 1060). 
Body Condition and Corticosterone Concentration
To assess potential effects of the 2012 drought on female 
pheasant body condition, we calculated an index of body 
condition (Mc) based on a mass index corrected for capture 
date and tarsus length (Peig and Green 2009). Tarsus length 
is a reliable indicator of pheasant structural size (Draycott 
et al. 1998, Tompkins et al. 1999) while mass is often 
positively correlated with capture date, potentially reflecting 
an increase in weight gain as animals exit the winter and as 
females enter the breeding season (Clark 1979). We corrected 
mass for capture date with the formula: Md = Mi [ Co/Ci ]
bOLS where Mi and Ci are the mass and capture date of the 
individual, Co is the population mean capture date, and 
bOLS 
is the scaling exponent, the slope (Ordinary Least Squares) of 
the regression of the natural log of mass by the natural log of 
capture Julian date for all individuals in the population (Peig 
and Green 2009). Because we were ultimately interested in 
the relative body condition for a given size, we corrected 
this new mass estimate against tarsus length following the 
same procedure using the standardized major axis slope (Mc 
= Md [ To/Ti ]
bSMA; Peig and Green 2009). We measured 
total baseline and ‘stress-induced’ CORT concentrations in 
plasma samples ranging from 10 – 46 µl (average 32 µl) via 
Enzyme Immunoassay (Enzo Life Sciences ADI-901-097, 
Farmingdale, New York, USA; Wada et al. 2007, Schoech et 
al. 2013). We optimized the protocol by diluting all samples 
1:40 and ran all samples in duplicate. 
Statistical Analysis
We log-transformed baseline and stress-induced CORT 
data to meet normality assumptions. We assessed seasonal 
precipitation among years and the influence of drought 
conditions on female pheasant physiology using analyses 
of covariance (ANCOVA) in Program R (package lme4; 
Bates et al. 2015). Our models assessing the difference 
in spring-summer and fall-winter precipitation (average 
monthly precipitation across weather stations in 2 seasons) 
among years included year and weather stations as factors. 
Due to variation in spring-summer precipitation between 
2011 and 2012, including spring-summer precipitation in 
our models to assess pheasant physiology produced similar 
model predictions as including a year effect. Thus, we used a 
year effect throughout our analyses in lieu of spring-summer 
precipitation. Our model assessing the influence of year on 
body condition included year and study site, but because 
CORT is sensitive time of day, temperature at capture, and 
body condition, we added these additional variables to all 
analysis of CORT. We omitted any non-significant (P > 0.05) 
interaction terms from the models. 
RESULTS
Environmental Conditions
Over 70% of annual precipitation occurred in the spring 
and summers of 2011 and 2012 (average total spring-
summer precipitation = 34.73 cm; average total fall-winter 
precipitation = 9.47 cm). Average monthly spring-summer 
precipitation was higher (F1,28 = 9.20, P = 0.01) in 2011 
( = 9.03 cm, SE = 1.03) than in 2012 ( = 4.87 cm, SE 
= 0.82; Fig. 1a). However, during the fall-winter months, 
average monthly precipitation was similar (F1,38 = 1.20, P = 
0.28) between years (2011:  = 1.54 cm, SE =0.28; 2012:  
= 1.17 cm, SE = 0.04). Average monthly temperature (°C) 
was similar between years during spring-summer (2011:  = 
19.68, SE = 1.65, 2012:  = 22.12, SE = 1.39; F1,28 = 1.20, 
P = 0.28), fall-winter (2011:  = 4.17, SE = 1.61, 2012:  = 
6.30, SE = 1.57; F1,40 = 0.85, P = 0.36) and across the entire 
year (2011:  = 10.63, SE = 1.73, 2012:  = 12.90 C*, SE = 
1.69; F1,70 = 0.85, P = 0.36). 
Body Condition and Corticosterone Concentration
We calculated body condition of 55 female pheasants, 
21 in spring 2012 and 34 in spring 2013. Female mass was 
positively correlated with capture date (β = 3.08, SE = 0.68, 
F1,55 = 20.85, P < 0.001). After correcting mass for capture 
date, we then corrected the new mass estimate for tarsus size 
(β = 4.66, SE = 3.78, F1,55 = 1.52, P = 0.22). Body condition 
of post-drought female pheasants (=877.57, SE = 30.52) 
was 20% lower than the pre-drought population (=1026.26, 
SE = 22.54; F1,13 = 23.74, P < 0.001; Fig. 1b). 
We obtained blood samples from 37 female pheasants, 
16 in spring 2012 and 21 in spring 2013. Our Immunoassay 
(Enzo Life Sciences ADI-901-097, Farmingdale, New York, 
USA) accuracy averaged 0.15 ng/ml (SE = 0.06). We omitted 
four birds from analysis because either baseline or stress-
induced values fell outside the assay’s standard range. Our 
final analysis includes baseline and stress-induced plasma 
CORT of 33 female pheasants, 14 in spring 2012 and 19 in 
spring 2013. Our analysis includes body condition of 31 of 
the 33 females from which we assessed baseline and stress-
induced CORT. Baseline CORT (F1,26 = 6.45, P = 0.02), stress-
induced CORT (F1,26 = 8.77, P = 0.01) and stress response 
(F1,26 = 4.07, P = 0.05) were all negatively correlated with 
body condition; however, CORT measures did not differ 
between pre- and post-drought females (baseline: F1,8 = 0.59, 
P = 0.47; stress-induced: F1,26 = 1.12, P = 0.30; F1,26 = 1.17, 
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P = 0.29). Corticosterone measures were not significantly 
influenced by capture time (baseline: F1,26 = 0.01, P = 0.94; 
stress-induced: F1,26 = 0.81, P = 0.38; stress response: F1,26 
= 0.70, P = 0.41) or capture temperature (baseline: F1,11 = 
0.62, P = 0.45; stress-induced: F1,26 =1.60, P = 0.22; stress 
response: F1,26 = 1.65, P = 0.21).
DISCUSSION
Pheasants were in poorer body condition following the 
2012 drought. Body condition is a proxy for important fitness 
components such as survival as well as current and future 
reproduction (Breitenbach et al. 1963, Martin 1987, Draycott 
et al. 1998). While it is intuitive that reduced body condition 
could influence pheasant population dynamics by reducing 
adult survival (Snyder 1985, Wilson et al. 1992), body 
condition does not generally affect survival in galliformes 
(Robb et al. 1992). Given the life-history strategy of 
pheasants, a more profound population effect of drought may 
be a reduction in reproductive investment. A 7–25% reduction 
in female pheasant body mass, a reduction commensurate 
with our observed reduction in body condition, can result 
in a 90% reduction in reproductive effort (Breitenbach et al. 
1963). Indeed, female pheasants that were experimentally 
starved failed to lay the equivalent of one complete clutch, 
while a control population laid what is the equivalent of 
seven clutches (Breitenbach et al. 1963). Renesting rates in 
wild populations are unlikely to exceed three or four attempts 
(Gates 1966, Dumke and Pils 1979). Still, assuming a 
reasonable 25% nest success rate (Baskett 1947, Chesness et 
al. 1968, Gates et al. 1970, Patterson and Best 1996), one nest 
attempt per year, versus three, corresponds to roughly a 50% 
reduction in the number of hatchlings, even if we assume 
a 20% decline in clutch size between attempts (Decker et 
al. 2012). Thus, it seems reasonable that the consequences 
of drought that we measured via body condition likely had 
significant and immediate population ramifications. 
Body condition in pheasants, and many other bird 
species, is generally thought to reflect food limitation 
(Jordano 1988, Kitaysky et al. 1999, Brown and Sherry 
2006). Dry conditions likely reduced the abundance of 
natural seeds and invertebrates over the course of our study 
(Blair et al. 2000), but invertebrates comprise a relatively 
small proportion of the adult pheasant diet which is almost 
exclusively composed of agricultural grains (e.g., Fried 1940, 
Hill 1985). Dry conditions reduce agricultural productivity 
(Mallya et al. 2013), but given the abundance of grain fields 
in the area it seems unlikely that even significant decreases 
in per acre productivity of grain fields led to food limitation. 
Conversely, drought conditions reduce water content of wild 
and agricultural seeds (Tilman and El Haddi 1992, Blair et 
al. 2000), and in our case may have led to a reduction in 
water intake, which in birds, reliably reduces body condition 
(Bartholomew and Cade 1963). Irrigated crop fields were the 
Figure 1. Average monthly precipitation for spring/summer 
(April – August) in southwestern Nebraska, USA, 2011–2012 
(a). Female ring-necked pheasant body condition (measured 
February through April) in southwestern Nebraska, USA, 
2012–2013 (b). Error bars represent standard error. *Body 
condition was calculated by correcting mass for capture date 
using the formula: Md = Mi [ Co/Ci ]bOLS where Mi and 
Ci are the mass and capture date of the individual, Co is the 
population mean capture date and b, the slope of the regres-
sion of LN(mass) by LN(capture Julian date) for all individu-
als in the population. The calculation was repeated in order 
to correct the newly calculated mass by tarsus length (Mc = 
Md [ To/Ti ]bSMA; Peig and Green 2009).
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most substantial and reliable water source available in the 
study area, but were often located outside the home range of 
most females, highlighting the dependence of pheasants on 
food resources as source of water. It is unclear whether food 
or water limitation, or some interaction between them, was 
the ultimate factor constraining female body condition. 
While we failed to find a difference between pre- and 
post-drought females in any measure of CORT, we did 
find that females in poorer condition had elevated baseline 
CORT levels, similar to other studies (Kitaysky et al. 1999, 
Romero and Wikelski 2001, Williams et al. 2008). Contrary 
to our hypothesis that drought would lead to a reduced acute 
stress response, females in poorer condition because of the 
drought had increased stress-induced CORT concentrations 
and a larger stress response. Combined with our finding that 
females failed to regain condition following the drought, 
our results support the notion that female pheasants in poor 
condition were possibly exhibiting an ‘emergency life history 
stage’. In this physiological state, individuals mobilize energy 
reserves to promote behaviors that increase survival and 
reduce investment in other fitness enhancing activities (e.g., 
reproduction, territorial and social behaviors; Wingfield et al. 
1998). Additionally, in the absence of water or food resources 
to recover lost condition, elevated CORT concentrations may 
have exacerbated body condition declines (Sapolsky et al. 
2000, Romero 2004).
We failed to find a correlation between drought and CORT 
and cannot exclude the possibility that CORT is not the 
mechanistic means by which pheasants deal with largescale 
environmental perturbation such as drought. However, this 
seems unlikely as our correlations between body condition 
and drought, and body condition and CORT suggest that the 
three phenomena are linked. It is possible that the linkage 
is time sensitive, such that individuals elevate CORT in 
response to the immediate onset of the drought, but by the 
time we measured the response the following spring, CORT 
levels had declined. Although this would be unexpected when 
sampling the same individual over time, as we would not 
expect CORT levels to decline if body condition remained 
poor (Sapolsky et al. 2000), our samples before and after the 
drought reflect different individuals and possibly different 
populations. Pheasants have low annual survival (Snyder 
1985, Petersen et al. 1988, Leif 1994), thus it may be that 
the apparent disconnect between CORT and drought reflects 
a selection event such that individuals that survive a drought 
do not have as drastic of a CORT response to the same body 
condition. Although we hypothesized that drought conditions 
would down-regulate the acute stress response given the 
costs of maintaining elevated CORT levels (Rich and Romero 
2005), there may be an adaptive advantage to individuals that 
have a limited CORT response when faced with chronically 
challenging environmental conditions.
The most parsimonious explanation for our failure 
to find a link between CORT and extreme drought may 
simply be a lack of sampling. Corticosterone levels are 
responsive to a wide array of environmental conditions, 
from food availability to predation risk (Wingfield 2013). 
While ostensibly every individual we observed in 2013 
experienced the largescale effects of drought in 2012, 
localized environmental differences in habitat conditions or 
predation risk may have masked the effects of drought by 
increasing the variation among individuals in CORT levels. 
Further examination of population level CORT responses 
to largescale environmental perturbations across a range of 
localized environmental conditions may be necessary to truly 
separate out such individual effects.
MANAGEMENT IMPLICATIONS
The possibility of increasing drought frequency with 
projected climate change may represent an emerging 
management issue if the reduction in body condition we 
noted has associate population implications. Although it is 
possible for managers to address body condition directly by 
providing food and water resources in time of acute stress, the 
benefits of such programs for pheasants are largely unknown 
and likely highly localized (e.g., Krausman et al. 2006). 
Alternatively, managers may choose to lessen the impacts 
of drought by mitigating other environmental conditions 
with proven benefits to pheasant population dynamics. For 
example, during a drought, limited growth of winter wheat 
and pasture grasses can concentrate pheasants in areas with 
residual cover (e.g., CRP). Increasing the availability of 
CRP may help dampen the effects of drought by improving 
survival and reproduction, but emergency haying and 
grazing of CRP fields is common during drought. As CRP 
rules limit emergency management to certain enrollment 
practices, pheasant managers in areas facing increased 
drought frequency may wish to promote practices with more 
restrictive rules. Alternatively, policy makers may wish to 
consider altering CRP rules to account for the importance of 
maintaining residual cover during drought. Even if managers 
maintain more residual cover on the landscape, projected 
increases in drought frequency are likely to change pheasant 
population dynamics in the arid plains, with important 
implications for pheasant hunters and wildlife agencies.
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